We have previously shown that respiratory syncytial virus (RSV) assembly occurs within regions of the host-cell surface membrane that are enriched in the protein caveolin-1 (cav-1). In this report, we have employed immunofluorescence microscopy to further examine the RSV assembly process. Our results show that RSV matures at regions of the cell surface that, in addition to cav-1, are enriched in the lipid-raft ganglioside GM1. Furthermore, a comparison of mock-infected and RSVinfected cells by confocal microscopy revealed a significant change in the cellular distribution of phosphocaveolin-1 (pcav-1). In mock-infected cells, pcav-1 was located at regions of the cell that interact with the extracellular matrix, termed focal adhesions (FA). In contrast, RSV-infected cells showed both a decrease in the levels of pcav-1 associated with FA and the appearance of pcav-1-containing cytoplasmic vesicles, the latter being absent in mock-infected cells. These cytoplasmic vesicles were clearly visible between 9 and 18 h post-infection and coincided with the formation of RSV filaments, although we did not observe a direct association of pcav-1 with mature virus. In addition, we noted a strong colocalization between pcav-1 and growth hormone receptor binding protein-7 (Grb7), within these cytoplasmic vesicles, which was not observed in mock-infected cells. Collectively, these findings show that the RSV assembly process occurs within specialized lipid-raft structures on the host-cell plasma membrane, induces the cellular redistribution of pcav-1 and results in the formation of cytoplasmic vesicles that contain both pcav-1 and Grb7.
Introduction
Respiratory syncytial virus (RSV) is the major cause of severe lower respiratory tract disease in several high-risk groups, which include young children, the elderly and immunocompromised adults. The mature and infectious RSV particle comprises a ribonucleoprotein (RNP) core that is surrounded by a viral envelope in which three different glycoproteins, the attachment (G), fusion (F) and small hydrophobic (SH) proteins, are located. Although the biochemical processes that occur during RSV assembly are still poorly understood, an intimate interaction between the virus and certain specific host-cell factors is evident (Ulloa et al., 1998 ; Burke et al., 1998 , Brown et al., 2002 . In addition, the involvement of lipid-raft microdomains in the assembly of several different members of the Paramyxoviridae has been demonstrated (Ali & Nayak, 2000 ; Manie et al., 2000 ; Vincent et al., 2000) . These specialized regions of the plasma membrane Author for correspondence : Richard Sugrue.
Fax j44 141 337 2236. e-mail r.sugrue!vir.gla.ac.uk appear to act as platforms to which the various viral structural components are recruited just prior to virus assembly, a process that occurs in close association with the host-cell membrane, to produce pleomorphic virus particles (Parry et al., 1979 ; Roberts et al., 1995 ; Brown et al., 2002) . Therefore, by analogy with other paramyxoviruses, it is likely that RSV assembly occurs within similar specialized raft structures. A detailed understanding of the biochemical mechanisms involved in RSV assembly should provide the basis for the development of novel and rational antiviral strategies.
The mammalian caveolin gene family consists of three members which are referred to as caveolin-1, -2 and -3 (Smart et al., 1999) . Whereas caveolins-1 and -2 are expressed in several cell lines (e.g. endothelial and fibroblastic), caveolin-3 expression is restricted to striated muscle cells. We have previously reported that caveolin-1 (cav-1) associates with the immature RSV particle at the plasma membrane and that this protein is subsequently incorporated into the mature virion (Brown et al., 2002) . It has been established by several groups that cav-1 is intimately associated with specialized lipid-raft structures on the host-cell membrane, including caveolae. In RSV assembly in lipid-raft structures RSV assembly in lipid-raft structures this report we have further characterized the sites of RSV assembly.
Since RSV interacts with cav-1, we were interested to determine if the raft-specific ganglioside GM1 was similarly involved in virus assembly. In addition, we investigated the effect of virus replication on the tyrosine phosphorylated form of caveolin-1 (pcav-1). Cav-1 was first identified as a major tyrosine phosphorylated protein in v-Src-transformed cells (Glenney & Zokas, 1989) . Recent work by Lee et al. (2000) has shown that tyrosine phosphorylation enables binding of growth hormone receptor binding protein 7 (Grb7), an Src homology (SH) 2 domain-containing adapter protein, to cav-1. Such SH 2 adapter proteins are able to link a variety of catalytic subunits to tyrosine-specific phosphorylated receptors or intermediates in signal transduction pathways. Several cellular processes are thought to be regulated by pcav-1 (Smart et al., 1999) and the formation of the pcav-1\Grb7 signalling complex has been implicated in cell transformation. Given the role that pcav-1 plays in modulating the cellhs physiology we were also interested to determine if, and to what extent, RSV replication altered the pattern of pcav-1 expression.
Methods
Cells and viruses. The RSV A2 strain was used throughout this study. Vero C1008 cells were maintained in Dulbeccohs Modified Eagle's Medium (DMEM) supplemented with 10 % foetal calf serum (FCS) and antibiotics.
Antibodies. The F and G protein monoclonal antibodies, mAb19 and mAb30 respectively, were provided by Geraldine Taylor (IAH, Compton, UK. The anti-Grb7 (sc 607) was purchased from Santa Cruz Laboratories. The anti-caveolin-1 (cat. no. 610059) and phosphocaveolin (PY14) antibodies were purchased from BD Transduction Laboratories.
Western blotting. Mock-and RSV-infected cell monolayers were extracted with boiling loading buffer (1 % SDS, 15 % glycerol, 1 % β-mercaptoethanol, 60 mM sodium phosphate, 1 mM sodium orthovanadate, 5 mM sodium fluoride, pH 6n8) and then heated at 100 mC for 5 min. The lysates were separated by SDS-PAGE and transferred by Western blotting onto a PVDF membrane. After transfer, the membrane was washed with PBSA and blocked for 1 h at 20 mC in PBSA containing 1 % BSA and 0n05 % Tween 20 prior to probing with PY14 (1\500 dilution) for 18 h at 4 mC. The membrane was subsequently processed as previously described (Brown et al., 2002) and the protein bands were visualized using the ECL protein detection system (Amersham). Apparent molecular masses were estimated using Rainbow protein markers (Amersham) in the molecular mass range 14n3-220 kDa.
Immunofluorescence. Cells were seeded on 13 mm glass coverslips and incubated overnight at 37 mC. Cells were mock-or RSV-infected and incubated at 33 mC for 18 h, unless otherwise stated, and fixed with 3 % paraformaldehyde in PBS for 30 min at 4 mC. The fixative was removed and the cells were washed five times with PBSj1 mM glycine and once with PBS. The cells were either examined directly or permeabilized using 0n1 % saponin in PBS. Following incubation at 25 mC for 1 h with the primary antibody, the cells were washed and incubated for a further hour with the secondary antibody, goat anti-mouse or antirabbit IgG (whole molecule) conjugated to either FITC or Cy5 (1\100 dilution) as appropriate. The F-actin network was detected using phalloidin-FITC (Sigma) as described previously (Brown et al., 2002) . The GM1 microdomains were visualized using cholera toxin B subunit conjugated to FITC (CTX-B-FITC). The CTX-B-FITC (Sigma) was prepared as a stock solution (1 mg\ml) in distilled sterilized water. RSVinfected cells were incubated with 4 µg\ml CTX-B-FITC for 20 min at 4 mC after which they were washed using PBSA and fixed with paraformaldehyde. The CTX-B-FITC-labelled cells were then probed with specific antibodies as described above.
In each case, the stained cells were mounted on slides using Citifluor and visualized using a Zeiss Axioplan 2 confocal microscope. The images were processed using LSM 510 v2.01 software.
Results

RSV assembly occurs within GM1-rich microdomains
Our previous studies demonstrated that RSV assembly occurs at specific regions of the host-cell membrane that are enriched in cav-1. As this protein is known to associate with specialized raft systems, we examined GM1, a raft-specific lipid, to determine if it is also associated with the mature virus. In this report, the RSV filaments were detected using two specific antibodies, mAb19 and mAb30, which recognize the F and G glycoproteins respectively (Taylor et al., 1992) . In our previous study (Brown et al., 2002) , we used the monospecific caveolin polyclonal antibody N-20 which was produced using a peptide corresponding to the first 20 amino acids (MSGGK-YVDSEGHLYTVPIRE) in the caveolin sequence (Kurzchalia et al., 1994) . However, this sequence also contains the tyrosine phosphate acceptor (underlined) at which cav-1 is modified to form pcav-1. We have therefore used an alternative caveolin antibody, which recognizes an internal sequence (FEDVIAEP), to avoid potential problems (e.g. steric hindrance) that may arise due to blocking of the pcav-1 antibody (PY14) by the cav-1 antibody (cav-1) and vice versa. In this article, the alternative, monospecific, caveolin-1 polyclonal antibody will be referred to as anti-cav-1.
Analysis of mock-infected cells by confocal microscopy showed a punctate pattern of staining, while in RSV-infected cells the mature RSV filaments were efficiently labelled with anti-cav-1, as described previously (Brown et al., 2002) , thus confirming the presence of RSV-associated cav-1 (Fig. 1A ). Vero C1008 cells were either mock-infected or RSV-infected and the distribution of pcav-1 (green) was determined by fluorescence microscopy as described in Methods. In these plates, selected images that represent identical regions of the cell (i.e. surface or internal) that were obtained from a Z-stack are shown. The compressed image represents all the individual images of the Z-stack compressed into a single image. Some pcav-1 cytoplasmic vesicles are indicated by white arrows. Objective lens i64. (B) Western blot analysis of mock-(M) and RSV (I) -infected cells using PY14. The position of pcav-1 is indicated. The protein migrates as a tightly spaced doublet band, which is due to differences in serine phosphorylation. (C) The surface-labelled pcav-1 is not incorporated into mature RSV filaments. RSV-infected Vero cells were double-labelled with anti-cav-1 (green) to visualize the viral filaments and PY14 to visualize pcav-1 (red). In this case, the cells were first labelled using PY14 and then subsequently labelled using anti-cav-1. Objective lens i64. The RSV filaments are indicated (VF). The white box shows a magnified image of the RSV filaments.
This was evidenced by the efficient colocalization (yellow) of mAb19 (green) and anti-cav-1 (red) in the readily visible surface filaments. As we have noted previously, the labelling of mature RSV with mAb19 was confined to the virus structures, whereas labelling with anti-cav-1 was observed on both the cell membrane and virus filaments.
Several reports have shown that cav-1 is associated with cholesterol-rich microdomains of the plasma membrane which form specialized lipid-raft structures, referred to as caveolae (Rothberg et al., 1992) . A major component of this type of membrane microdomain is the glycosphingolipid GM1. Recent reports have revealed that raft-derived lipids are present within the envelope of some viruses that mature at the host-cell plasma membrane (Scheiffele et al., 1999 ; Manie et al., 2000 ; Nguyen & Hildreth, 2000 ; Pickl et al., 2001) . We therefore wished to determine if RSV assembled from GM1-rich cell surface membrane compartments. We employed cholera toxin B subunit (CTX-B) to localize GM1, since this reagent binds to GM1 with a stronger affinity than that for other gangliosides (Parton, 1994 ; Harder et al., 1998) . In addition, this assay has the advantage that cells can be analysed in situ, without the prior extraction of raft-associated lipids and proteins by detergents. The extraction of raft components prior to analysis has the potential to cause both the mixing of membrane components and the loss of weakly interacting species. In our assay, GM1-rich regions on the cell surface were located using CTX-B conjugated to FITC (CTX-B-FITC). In these experiments, live mock-and RSV-infected cells were loaded with CTX-B-FITC prior to fixing and labelling either with mAb19 or mAb30 (Fig. 1B-D) . In mock-infected cells, the CTX-B-FITC labelling (green) resulted in a punctate staining pattern (Fig. 1B) and, as expected, mAb19 failed to label the cells. In RSV-infected cells that were double-labelled with CTX-B-FITC (green), and either mAb19 or mAb30 (red), the RSV antigens showed a strong colocalization staining pattern (yellow), suggesting that the RSV surface antigens are located in GM1-rich membrane microdomains (Fig. 1C, D) . In addition, we noted that this colocalization was clearly visualized within the RSV filaments (Fig. 1C, D, inset box) . Taken together, these observations provide strong evidence that RSV maturation occurs in regions of the host-cell membrane containing the ganglioside GM1, and suggest that this lipid may be subsequently incorporated into the mature viral envelope. In addition, we observed a strong colocalization between cav-1 and CTX-B-FITC in RSV-infected cells (data not shown), showing that cav-1 is also located in these GM1-rich regions of the cell membrane.
Altered distribution of pcav-1 in RSV-infected Vero cells
We further examined the effect of RSV infection on the cellular distribution of two alternative forms of caveolin that are expressed in epithelial cells, namely caveolin-2 (cav-2) and tyrosine phosphorylated cav-1. Studies have shown that cav-1 is able to interact with cav-2 to form a hetero-oligomeric protein complex that is subsequently transported from the Golgi complex to specific compartments at the cell surface . This suggested to us that cav-2 may be incorporated into mature RSV filaments in a manner similar to that observed for cav-1. However, we observed no significant change in the cellular distribution of cav-2 in response to RSVinfection (data not shown), indicating the absence of its association with the mature virus.
Several studies have shown that cav-1 can be modified by tyrosine phosphorylation at tyrosine 14. This form of cav-1 has been implicated in several signalling events (reviewed in Smart et al., 1999) and its presence can be specifically detected using the monoclonal antibody PY14. The use of this reagent has been described in several publications which have investigated the biochemical properties of phosphocaveolin-1 (Lee et al., 2000 ; Caselli et al., 2001 ; Volonte et al., 2001) . In this report, the tyrosine phosphorylated form of cav-1 will be referred to as pcav-1.
We observed a significant change in the distribution of pcav-1 during RSV-infection ( Fig. 2A) . In mock-infected cells, PY14 labelling resulted in a staining pattern that was essentially confined to the cell surface or its immediate vicinity. In contrast, we noted that in RSV-infected cells, while the pattern of surface staining remained similar to that in mock-infected cells, the intensity of surface labelling was significantly less. Analysis of the internal distribution of pcav-1 using PY14 showed the appearance of clusters of relatively long cytoplasmic vesicles in virus-infected cells, which were not observed in mock-infected cells. Although these structures appeared to be significantly brighter that the surface-labelled pcav-1 (observed in mock-infected cells), analysis of pcav-1 levels by Western blotting suggested no significant increase in pcav-1 levels in RSV-infected cells (Fig. 2B) . In this assay, pcav-1 appeared as a closely spaced doublet band of 25 and 28 kDa. This has been noted previously and may arise from variations in the degree to which pcav-1 is modified by serine phosphorylation Schlegel et al., 2001) . However, the significant reduction in the surfacelabelled pcav-1 suggests that these structures result from a redistribution of pcav-1 from the cell surface into the interior of the cell following RSV infection, rather than an increase in the pcav-1 levels.
A more detailed analysis of pcav-1 distribution was performed by double-labelling both mock-and RSV-infected cells with PY14 and phalloidin-FITC, the latter allowing visualization of the filamentous actin (F-actin) network. In mock-infected cells (Fig. 3) , the pcav-1 (red) distribution was clearly visible and distinguishable from the actin cytoskeleton (green). However, a comparison of the cellular distribution of each protein indicated a limited colocalization (yellow) that was confined to the ends of readily visible actin filaments. This staining pattern was significantly different from that which we have previously observed for cav-1 (Brown et al., 2002) . In the case of cav-1, a pattern of labelling was observed that exhibited punctate spots in mock-infected cells, which contrasted with the staining pattern that resembled clusters of RSV filaments in RSV-infected cells (Fig. 1A) . The pcav-1\actin staining pattern is similar to that expected for focal adhesions (FA), structures which represent the sites of interaction between the cell membrane and the extracellular matrix. They are composed of a protein complex that includes several proteins which interact with the cellular cytoskeleton. This suggests that the surfacelabelled pcav-1 is located close to or within FA, suggesting that cav-1 and pcav-1 are located in different regions of the cell membrane, in agreement with previous observations (Lee et al., 2000 ; Volonte et al., 2001) . It is clear that FA can serve at least two functions within the cell. In addition to being specialized sites for attachment of the cell to the extracellular matrix, they are signalling centres that regulate several aspects of cell physiology. In addition, several tyrosine kinases are located in FA, including c-Src which has been shown to phosphorylate cav-1 in Src-transformed cells (Glenney & Zokas, 1989) . It is therefore likely that only a subset of cav-1 molecules, that are located close to the FA, will be phosphorylated as noted previously (Volonte et al., 2001) . A comparison of the mockand RSV-infected cells suggests that the level of pcav-1 that is BIEF G. Brown, H. W. McL. Rixon and R. J. Sugrue G. Brown, H. W. McL. Rixon and R. J. Sugrue Fig. 3 . Interaction between pcav-1 and the actin cytoskeleton. The distribution of surface-associated pcav-1 in mock-and RSVinfected cells was examined by fluorescence microscopy. In this image, mock-and RSV-infected cells were double-labelled with phalloidin-FITC (green) and PY14 (red) to visualize the F-actin network and pcav-1 respectively. A significant degree of colocalization (yellow) is observed between pcav-1 and F-actin at the ends of the actin fibres in the merged image (highlighted by white arrows). Objective lens i64. associated with FA is reduced in the presence of the virus. The subcellular location of pcav-1 was verified by the similar labelling patterns that were observed for pcav-1 and paxillin (data not shown), the latter being a cell protein that is abundantly expressed in FA and is a standard marker for locating FA in cells. This close association between pcav-1 and FA also suggests that pcav-1 is intimately associated with the cellular cytoskeleton.
Since pcav-1 is able to interact with SH2 binding proteins, we examined the possibility that pcav-1 (and presumably signalling complexes containing pcav-1) is incorporated into the mature virion. The extent of pcav-1 incorporation into mature RSV filaments was examined by double-labelling with anti-cav-1 and PY14, the former antibody being used as an RSV filament marker. Whereas anti-cav-1 clearly and efficiently labelled the RSV filaments, we failed to observe a significant colocalization of pcav-1 with the mature virus filament formation (Fig. 2, plate C) . Taken together, these results suggest that while cav-1 is efficiently incorporated into mature RSV filaments, its modified form, pcav-1, is not.
Analysis of the cytoplasmic levels of pcav-1 during the course of infection was examined (Fig. 4) . This showed that the change in surface staining was not immediate following RSV binding and entry and did not occur early in the infection, but became clearly visible between 9 and 18 h post-infection. This coincides with the approximate time of RSV filament formation that has been previously observed in Vero C1008 cells (Roberts et al., 1995 ; Brown et al., 2002) , suggesting that in infected cells, there is a decrease in pcav-1 levels associated with the FA structures which appears to correlate with cytoplasmic vesicle formation. The data also suggest that this pcav-1 redistribution may be related to the formation of RSV filaments.
A recent report has suggested that pcav-1 is able to interact specifically with the SH2 domain adapter protein, growth hormone receptor binding protein-7 (Grb7) (Lee et al., 2000) . We therefore looked for such an interaction both in mock-and RSV-infected cells which were double-labelled with PY14 and anti-Grb7 (Fig. 5A) . In mock-infected cells both proteins, pcav-1 (green) and Grb7 (red), showed a distinct pattern of fluorescence staining with no significant colocalization being BIEG Fig. 4 . Formation of the pcav-1 cytoplasmic vesicles is dependent upon the time of infection. Cell monolayers were infected with RSV for 2, 9 or 18 h prior to analysis for pcav-1 expression using fluorescence microscopy. A cluster of pcav-1 vesicles is highlighted within the white box. Objective lens i64. observed. The distribution of pcav-1 was confined to the cell surface, while the Grb7 staining was largely confined to the cytoplasm (visualized as punctate spots). In RSV-infected cells, the pattern of Grb7 staining was largely similar to that observed in mock-infected cells. However, analysis of virusinfected cells showed a significant level of colocalization BIEH between pcav-1 and Grb7 (yellow) within the cytoplasmic vesicles (Fig. 5B , highlighted by white arrows). This colocalization indicates that a proportion of Grb7 relocates to the cytoplasmic vesicles and suggests that significant amounts of the pcav-1\Grb7 signalling complex, which have been recently described in Src-transformed cells (Lee et al., 2000) , may be located in these cytoplasmic vesicles.
Discussion
The data presented in this report, taken together with our previous findings (Brown et al., 2002) , clearly show that hostcell factors play an intimate role in the RSV assembly process. Our data show that RSV assembly occurs within specialized regions of the plasma membrane that contain, in addition to cav-1, the lipid-raft-associated ganglioside, GM1. These two factors are known to be associated with caveolae, which suggests that RSV assembly may occur within specialized lipid-raft structures with caveolae-like properties. In a previous publication (Brown et al., 2002) we provided evidence, obtained by electron microscopy, that RSV assembly occurs within cav-1-enriched regions of the cell membrane. However, in that study, we failed to observe the presence of the flask-shaped invaginations which are reported to be a typical morphological feature of caveolae (Yamada, 1955) . There are several reports that caveolae can assume a variety of different morphologies, such as flat, vesicular and tubular structures (Cain et al., 1995 ; Parton et al., 1997) . Additionally, flat-shaped caveolae, that contain cav-1, can exhibit a flask-shaped morphology during internalization (Smart et al., 1994) . Although caveolae have been shown to play a role in the RSV entry process (Werling et al., 1999) , our findings suggest that other cellular structures, with similar biological properties, may have a role in virus assembly, possibly by acting as cell-surface membrane centres to which virus structural proteins can be recruited during assembly. However, if caveolae-like compartments are involved in RSV assembly, they may lack the typical flaskshaped caveolae morphology.
Our results suggest that, in addition to cav-1, the glycosphingolipid GM1 may also be subsequently incorporated into the mature virion during assembly. Lipid-raft membrane compartments within the plasma membrane form highly ordered structures, compared to the bulk of the phospholipid in the cell membrane which is thought to exist in a liquid crystalline phase (Brown & London, 1998) . The lipid composition of a membrane therefore has important structural and functional consequences. Our results suggest that such ordered microdomains, which are enriched in GM1, may be present within the viral envelope of the mature RSV. The incorporation of cholesterol-dependent raft structures into the Influenza virus envelope correlates with a reduction in the ' fluidityh of the viral envelope (Scheiffele et al., 1999) thus demonstrating the influence of lipid composition on the properties of the envelope. The incorporation of GM1 into the RSV membrane may therefore impart biophysical properties to the viral membrane that may have important consequences for the stability of the lipid envelope that surrounds the mature virion. However, the precise functional significance of the RSV-associated raft components within the mature virus is presently unclear, but their presence may have implications for the development and the design of novel antiviral strategies.
In addition, our data clearly suggest that RSV assembly coincides with a cellular redistribution of pcav-1 from locations that are either near to, or within, focal adhesions, into large cytoplasmic vesicles. In our analysis we noted relatively high levels of pcav-1 in mock-infected polarized Vero cells, compared to those in several other established cell lines (e.g. BHK). The level of detectable pcav-1 in each specific cell line is likely to be dependent upon the relative kinetics of cav-1 phosphorylation and dephosphorylation, processes which are mediated by specific cellular kinases and phosphatases. Tyrosine phosphorylation of cav-1 was first demonstrated in transformed cell lines, but the presence of pcav-1 has been demonstrated in normal, untransformed cells (Aoki et al., 1999) . However, although the clinical significance of the redistribution of pcav-1 in RSV-infected cells is presently unclear, tyrosine phosphorylation of caveolin-1 has been shown to be involved in several different cellular processes such as osmotic sensoring (Volonte et al., 2001 ) and anchorage-independent growth (Engelman et al., 1997) . Although these are very distinct biochemical processes, they are both characterized by structural changes in the cellular cytoskeleton. Recent evidence suggests that pcav-1 is involved in the generation of aggregated caveolae which manifest themselves in the form of large cytoplasmic vesicles. This process is mediated by the rearrangement of the cellular cytoskeleton (Fujimoto et al., 1995) . A role for actin in the morphogenesis of several viruses has been reported (Damsky et al., 1977 ; Bohn et al., 1986 ; Cudmore et al., 1995 ; Sasaki et al., 1995 ; Rey et al., 1996) and a similar role for actin in RSV morphogenesis has been suggested. The latter is based primarily on the observation that RSV assembly is inhibited by reagents that interfere with actin polymerization (Ulloa et al., 1998 ; Burke et al., 1998) . In this regard, the formation of actin stress fibres has been reported during RSV assembly (Gower et al., 2001) and presumably reflects some changes in the structure of the actin cytoskeleton. However, the precise molecular mechanisms by which actin is involved in the assembly process have yet to be established.
Our data provide further evidence that RSV assembly is accompanied by some form of structural rearrangement within the cytoskeletal network, which coincides both with a cellular redistribution of pcav-1 and the formation of cytoplasmic vesicles containing both pcav-1 and Grb7. Although the downstream effects of Grb7 on specific cellular processes within the cell are currently poorly defined (reviewed in Han et al., 2001) , the formation of a pcav-1\Grb7 signalling complex has been shown to augment anchorage-independent growth in tissue culture (Lee et al., 2000) . In this regard, it is interesting to note that anchorage-independent growth is associated with a change in the cytoskeletal structure of the cell (Pawlak & Helfman, 2001) . It is therefore possible that an interaction between pcav-1 and Grb7 may be part of the biochemical mechanism whereby RSV can utilize the host-cellhs cytoskeletal network during virus assembly.
